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• Spacecraft environments 

• Incipient fire growth 

• Developing fires; experimental data on HRR vs time in 

i-g 

• Responsiveness of fire detectors 

• Discussion and potential payback for better 
understanding spacecraft fire dynamics 






Common Spacecraft Environments 



• Enclosed environment 

• Oxygen concentration and total pressure 

• Ventilation 

• Gravity level 






Fires In Enclosures: Estimated Amounts of Material Consumed During Combustion in a 15 cu m 
Module before the 0 2 Concentration Falls Below Values Noted in Column 1 
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Fires In Enclosures: Estimated Amounts of Material Consumed During Combustion in a 300 cu ft 
ISS Module before the 0 2 Partial Pressure Falls Below Values Noted In Column 1 
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Oxygen Concentration and Pressure Effects. Pressure Effects on Oxygen 
Concentration Flammability Thresholds 
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Spacecraft Ventilation: Placement of Diffusers and Return Grills on 
Selected ISS Seaments 




NASA 





ISS Basic Ventilation Configuration; Flow Rates in cfm 



NASA 


Orbiter 





Spacecraft Ventilation: Air Velocity Magnitude Contours at Aft-Forward 
Mid-Section of the U.S. Airlock Module 


Node 1 









Gravity Effects on Oxygen Concentration Flammability 
T 
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Incubation (t 0 ) and Fire Growth (Commonly Assumed Parabolic) 
Representative, Units Aribtra 


NASA 







Mass Loss Rate and HRR at Ignition and Incipient Burning 
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Uncontrolled Developing Fires: Representative HRR Histories in 
Flami n g Combustion for T hick and Thi n Samples Charring Polymers rx 
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Developing Fires: Heat Release Rate vs Time for PMMA 







CEV CM Smoke Detector Activation Times as a Function of Soot Mass Flux 
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Initial Thoughts for a Discussion 


NASA 


• Develop a time history of fire growth 

• What is the likely (and worst case) size of fire when the smoke detectors 
activate? 

• What are optimum choices for a fire response? 

• Some information needed (in addition to CFD of ventilation flows) to answer 
these questions 

- 1-g data on ignitibility/pyrolisis, incipient and immediately developing fires and 
extinguishment (heat release rate; combustion/pyrolisis products (smoke 
detector activators) release rate; flammability extinguishment limits) 

- Smoke detectors response time for various materials’ combustion/pyrolisis 
products 

- Correlation of 1-g combustion/smoke detectors data with data in spacecraft 
environments 

- All information churned through probabilistic analysis 






Potential Payback to Better Understanding 
Spacecraft Fire Dynamics 


ISTASA 


• Developing representative time histories of incipient to developing fires 
within the context of spacecraft environments and fire detectors response 
time will allow realistic probabilistic fire risk assessments and selection of 
optimal fire response strategies. 

• Knowledge of probabilistic fire risk assessment response to changes in 
systems and architecture will allow their improvement for increased fire 
safety (i.e. optimization of ventilation flows and placement of fire detection 
sensors, equipment and module geometry; etc.). 

• Identification of the knowledge gap which could lead to improved spacecraft 
fire safety 






